We report accurate redshifts of 110 active galaxies (mostly radio-loud objects at z < 0.4) observed in the course of a survey to find broad, double-peaked emission lines. These redshifts are measured from the narrow emission lines of these objects and are accurate to at least one part in 10 4 . For each object we determine a redshift from high-and low-ionization lines separately, as well as an average redshift from all the available lines. We find that in about 15% of cases, the low-ionization lines yield a slightly higher redshift than the high-ionization lines; the average redshift difference amounts to a velocity difference of approximately 80 km s −1 . In addition to the redshift measurements we also report revised redshifts for two objects as well as new classifications for three narrow-line objects.
introduction
In the process of searching for broad, double-peaked Balmer emission lines in moderate redshift, radio-loud active galactic nuclei (AGNs) we surveyed 108 objects taken from AGN catalogs, circa 1991. A detailed analysis of the results of this survey have been presented in Halpern (1994, 2003, hereafter papers I and II) , where a description of the observations and data reduction can also be found. In this paper we report the redshifts measured from the spectra of all objects observed in this survey, including spectra presented in paper I. The motivation for these redshift measurements is that values accurate to δz ∼ 10 −4 are often needed for specific applications (e.g., narrow-band imaging), while the cataloged values have a precision of δz ∼ 10 −3 . More importantly, we also find that the values that we measure sometimes disagree with the cataloged values at the level of δz ∼ 10 −3 , and on some occasions at the level of δz ∼ 10 −2 . Here we present redshifts, along with estimated uncertainties which are of the order of δz ∼ 10 −4 , and often of the order of δz ∼ a few × 10 −5 . In the process of acquiring the data we also observed 12 objects which had only narrow emission lines and seven objects whose redshifts were higher than 0.4. The spectra and revised redshifts of the first set of such objects were presented in paper I. The second set of such objects were observed after paper I was published and their spectra are included in this paper for completeness (they were not included in paper II so as to keep that paper short and focused).
redshift measurements
Our sample of objects consists of 89 objects from paper I, 19 objects from paper II, plus Arp 102B and S4 0954+65 and includes broad-line objects, as well as small number of narrow line objects (see paper I and §2, below). The object S4 0954+65 is a blazar, which was included in our sample unintentionally; we report its redshift here for completeness. Its spectrum is shown by Lawrence et al. (1996) . The spectra used for redshift determination were obtained during several observing runs between 1988 and 2000 at the Kitt Peak National Observatory's and Cerro Tololo Interamerican Observatory's 4m telescopes, the Lick Observatory's 3m telescope, the MDM Observatory's 2.4m telescope and the Kitt Peak National Observatory's 2.1m telescope. We targeted the Hα lines of objects in the redshift range z < 0.4 thus, most of our spectra typically span a wavelength range starting between 6,000 and 6,600Å and ending between 9,500 and 10,000Å, with a resolution of 6-9Å. For objects with z < 0.1, we obtained several spectra of the Hα and Hβ region with starting wavelengths between 3,800 and 4,600Å and ending wavelengths between 7,400 and 8,500Å. In a few cases we also observed objects with 0.1 < z < 0.4 at wavelengths as short as 3,200Å. As a result of the above observing strategies, the lines most often available for redshift measurements were Hα and the low-ionization forbidden lines in its immediate vicinity (we were able to measure Hα in 92% of objects, [N ii] Redshifts were determined by measuring the observed wavelengths of reasonably strong narrow emission lines from all available spectra. A list of the lines that have proven useful in this respect is given in Table 1 , where we also identify which lines we regard as high-and lowionization lines. The rest wavelengths of these lines were taken from Kaler et al. (1976) . In the case of the [O ii], and Mg ii doublets, which are always unresolved in our spectra, we adopted the average wavelength of the doublet as the rest wavelength to be compared with our measurements. The line wavelengths were measured by fitting a Gaussian to several pixels around the line peak (typically 7 to 11 pixels). Thus measurements were made using only lines with clearly discernible peaks -no attempt was made to de-blend line complexes in which the line peaks were not well separated. This technique allows us to locate the peak of the line to better than a pixel, in particular to 0.30 pixels 50% of the time and 0.48 pixels 68% of the time. After suitable heliocentric velocity corrections the wavelengths of all lines from the same object were used to determine its redshift. A redshift and associated uncertainty were determined separately from low-and high-ionization lines, and a mean redshift and associated uncertainty were also determined using all available lines. The uncertainty in the redshift was estimated as follows:
• If two or more lines from the same object were available, the uncertainty in the redshift was taken to be the adjusted error in the mean, s n−1 , given by (e.g., Barford 1985 )
wherez is the mean redshift, n is the number of lines used, and z i is the redshift derived from an individual line (σ is the usual root-mean-squared dispersion about the mean). We note that s n−1 is related to the more usual error in the mean, s n , by s n−1 = s n n/(n − 1), where the factor n/(n − 1) effectively takes into account the fact that the sample has a finite membership (see Barford 1985 for a more detailed discussion). This statistical estimate of the uncertainty accounts for several sources of error, such as errors in locating the line peaks, and errors in the relative wavelength calibration of a spectrum. If more than one spectrum is used, then errors resulting from absolute differences in the wavelength scales of individual spectra are also accounted for. However, this method does not account for possible skewness or asymmetry of the line profiles, and also assumes that all lines used in the redshift determination have the same intrinsic redshift.
• If only a single emission line from a particular object was available, the uncertainty in the redshift was estimated from the accuracy with which the line peak can be located, namely the 68% confidence limit of 0.48 pixels quoted above. This limit was determined by considering the dispersion about the mean redshift in objects where two or more emission lines were available. As a result, it is not necessarily an accurate estimate of the uncertainty in the redshift of a particular object, but it does account for possible errors in the wavelength calibration in an average sense, as well as errors in locating the line peak.
The following sources of error deserve special mention and discussion. All of these effects are captured by our statistical method for estimating error bars.
1. Systematic uncertainties associated with wavelength calibration are of the order of a few ×10 −5 .
2. The peaks of narrow lines that lie on the sloping wings of broad lines could be slightly shifted. This is an issue with the Balmer and [N ii] lines in most objects and also with the [S ii] doublet, which lies on the red wind of the broad Hα line in about 15% of our objects. To assess the magnitude of the effect, we carried out tests in the most extreme cases of [S ii] doublets. The tests consisted of comparing the peak wavelengths measured with and without subtracting the underlying sloping pseudocontinuum. We found that the difference in the results translates into a median redshift difference of several ×10 −5 , which is comparable to the uncertainty in wavelength calibration.
3. The presence of Fe ii lines in the vicinity of the [O iii] λλ4959,5007 doublet could affect the measurement of the peaks of these lines. This could be important because these lines are the most commonly measured high-ionization lines. We therefore inspected all of our spectra and did not find any cases with discernible Fe ii lines in the regions of interest; thus we made no attempt to remove them. The absence of Fe ii lines is understandable since the vast majority of our objects are double-lobed radio sources.
The measured redshifts are given in Table 2 , which includes the mean redshift (from all available lines), the lowionization line redshift and the high-ionization line redshift. Figures in parenthesis give the uncertainty in the last digit of the reported redshift. For reference the table also gives the number of spectra and the number of lowand high-ionization lines used.
3. redshift differences between low-and high-ionization lines
To investigate whether the low-and high-ionization lines yield significantly different redshifts, we have computed the difference between these two redshifts for the 55 objects where both measurements were available. The redshift difference was normalized by the its uncertainty 3 , to 3 The uncertainty in the redshift difference was computed as s LH = (s 2 LIL + s 2 HIL ) 1/2 , where s LIL and s HIL are the uncertainties in the redshifts of the low-and high-ionization lines, respectively, given in Table 2 give (z LIL − z HIL )/s LH , and its distribution is shown in the histogram of Figure 1 . If the scatter in the redshift differences is entirely the result of measurement errors, then we would expect the shape of the histogram to resemble a Gaussian with unit standard deviation. Therefore, we have overlaid in Figure 1 such a Gaussian, normalized so that its mean square deviation from the bins of the histogram is minimized. A visual comparison of this expected Gaussian distribution with the observed histogram shows them to agree at negative values of the redshift difference. At positive values, however, there appears to be an excess of objects with (z LIL − z HIL )/s LH > 2, which suggests that in some cases the low-ionization lines yield a larger redshift than the high-ionization lines. Isolating and examining the objects that make up this excess, we find a mean velocity difference between low-and high-ionization lines of c z LIL − z HIL ≈ 80 km s −1 . Although this result is interesting, it needs to be verified using a much larger sample of objects. If we accept it at face value, it may indicate a stratification of the narrow-line region. More specifically, in the context of a scenario in which the narrow-line region gas is outflowing, this result implies that the highionization lines arise in gas that is further away from the center and possibly of lower density.
Redshift differences between high-and low-ionization lines in Seyfert galaxies and narrow-line radio galaxies have been known for quite some time. Koski (1978) compiled a list of 6 cases with redshift differences of a few hundred km s −1 (600 km s −1 in the extreme case of I Zw 1), while Whittle (1985) and Veilleux (1991) 4. narrow-line objects and new redshifts Three objects listed in paper II, PKS 0511-48, 3C 381, and 3C 456, were found to have only narrow emission lines; their spectra are shown in Figure 2 . The radio galaxy 3C 381 was included in our survey because of a report of a broad Hα line by Grandi & Osterbrock (1978) . These authors noted that the signal-to-noise ratio (S/N ) of the 3C 381 spectrum was low, but the spectrum was not shown and the exact date of observation was not given (from indirect remarks we infer that the observations were probably obtained in the early 1970s). A spectrum of 3C 381 obtained in 1982 by Saunders et al. (1989) covering the rest-frame range 3100-6100Å with moderate S/N shows no broad lines. Our own spectrum shows this object as a narrow-line radio galaxy. In view of the available data we conclude that 3C 381 has either lost its broad lines some time in the past 20 years, or Grandi & Osterbrock (1978) were misled in their detection of a broad Hα line by the low S/N of their spectrum.
Three objects listed in paper II, 4C 72.16, PKS 1355-12 and PKS 2312-319, were found to have grossly incorrect cataloged redshifts; as a consequence, their Hα lines did not fall within the observed spectral range. These objects were included in our target list because their redshifts listed in Véron-Cetty & Véron (1989) were lower than 0.4. Since then 4C 72.16 was observed by Jackson & Browne (1991) who reported a redshift of 1.46, in agreement with our own measurement; a plot of the spectrum can be found in that paper. An incorrect redshift for 4C 72.16 of 0.357 was originally reported by Arp, de Ruiter, & Willis (1979) , who noted that it was insecure. PKS 1335-12 was observed by Stickel, Kuhr, & Fried (1993) who measured a redshift 0.539, in agreement with the value that we obtain. The spectrum of this object presented in Figure 3 covers a different spectral range than that of Stickel et al. (1993) . The redshift of PKS 2312-319 was reported to be 0.284 by Jauncey et al. (1982) , based on the identification of a single line at 3592Å as Mg ii λ2800 (this line was observed in an unpublished spectrum by R. G. Clowes, R. D. Cannon, and A. Savage taken in 1980). We obtain a redshift of 1.322 based on the identification of several emission lines. In view of this redshift, the single emission line observed by Clowes et al. must have been C iv λ1550, which is also the strongest line in our own spectrum. The spectrum of this object is shown in Figure 3 where we also identify the lines that we used to determine its redshift.
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